Aim. Presentation of the efficacy of infrared laser for the treatment of retinal capillary hemangioma (RCH). Methods. The treatment and follow-up of nine eyes (fourteen tumors of different sizes and localizations) in seven patients (five children) with RCH. Infrared diode laser (810 nm) was used for modified transpupillary thermotherapy (TTT) in long exposition mode and power between 200 and 1200 mW with a beam diameter of 2 mm (indirect ophthalmoscope, +28 D or +40 D lens) or 0.5 mm-3 mm (slit-lamp) depending on the diameter and localisation of the hemangioma. Results. We achieved complete destruction of the tumor with flat chorioretinal atrophic scar in all cases. Only one tumor regrowth was observed and re-treatment in this case was necessary. Treatment was combined with brachytherapy in a one case. There was one serious complication-total exudative retinal detachment, causing permanent deterioration in visual acuity despite pars plana vitrectomy (PPV). Other complications such as haze and vitreal hemorrhage were transient. The final best corrected visual acuity (BCVA) ranged from 20/20 to counting fingers at 2 feet. Conclusion. Infrared laser can be considered an acceptable therapeutic option for RCH especially for centrally localized lesions. We believe that the role of this therapy will increase in the future.
INTRODUCTION
Retinal capillary hemangiomas (RCH), also called capillary hemangioblastomas, are benign circumscribed vascular lesions, usually with dilated feeding artery and draining vein. They may occur as either hereditary or sporadic cases. Familial RCHs are part of the autosomal dominant von Hippel-Lindau disease (VHL). They may be multifocal and also bilateral 1 . Treatment of this sightthreatening condition can be complicated and used to be unsatisfactory. An indication for treatment depends on tumor size, tumor location and any associated findings. Near infrared diode laser (NIDL) is a very recent treatment option. This was used in the past for the treatment of choroidal hemangiomas 2 , and treatment of RCH was mentioned several years later 3 . We describe the efficacy and safety of NIDL in a series of Czech patients.
METHODS
This is a prospective observational case series. Patients were treated between 1998 and 2016 at the Department of Ophthalmology for Children and Adults at the University Hospital Motol in Prague. Fourteen RCHs of different sizes and localization in 9 eyes of 7 patients were enrolled into the study. The patient details are shown in Table 1 . We used 810 nm diode infrared laser Oculight SLx (Iris Medical Instruments, Mountain View, CA) in all cases. Diode laser coupled with a slit-lamp (aperture 0.5-3.0 mm) and Goldmann's three-mirror lens were used for treatment of adult patients and laser indirect ophthalmoscope (aperture 2.0 mm and +28 D or +40 D lens) for treatment of children under general anesthesia. The power settings ranged between 200 and 1200 mW based on the diameter of the spot size and duration of the laser pulse (60 s) was kept constant. The goal of treatment was whitening and flattening of the exposed tissue. Mean number of sessions needed was 2.5 (range 1 to 11) usually with 3 weeks' interval between them. Ophthalmological examinations with fundoscopy and color fundus photographs were performed periodically at three month intervals in the first year after treatment and later yearly. The mean follow-up was 10.5 (range 0.5 to 18 years).
RESULTS
All tumors were totally destroyed. Table 2 shows the results of treatment, number of sessions required for each tumor and where indicated additional treatment. The first patient had reduced best corrected visual acuity (BCVA) due to macula involvement ( Fig. 1 ). We focused a laser beam onto a feeding artery in order to reduce blood flow before tumor treatment. The tumor was completely destroyed by laser therapy and the BCVA improved to 20/80. There was evidence of regrowth of the tumor in the scar after 6 years and due to enlargement retreatment was necessary. The tumor in the right eye of the second patient was partly located on the optic nerve head ( Fig  2) . We focused the laser beam onto the peripheral part of the tumor. Cicatrisation causes displacement of the tumor away from the surface of the disc. Treatment of the tumor was possible without direct damage to the optic nerve. The BCVA was decreased due to spread of the tumor toward the macular region. We found regrowth of the tumor in the scar four years later and a new equatorially localized tumor was discovered in the right eye of this patient fourteen years later. The nasal peripheral part of a centrally localized tumor of the fourth patient showed activity, growth and leakage of fluorescein despite a number of sessions. For this reason we decided to combine laser treatment with Ru-106 plaque brachytherapy which re-sulted in the total disappearance of the tumor. Treatment of a peripheral tumor in the right eye of the sixth patient proceeded without incident (unlike the peripheral tumors of the patients above). Treatment of a peripheral tumor in the left eye was complicated by exudative retinal detachment ( Fig. 3 ). For this reason, we performed pars plana vitrectomy (PPV) but subsequent cicatrisation and shortening of the retina caused deterioration of vision to counting fingers. Treatment of the last patient was accompanied by the same complication (Fig. 4) . One of the tumors and surrounding retina were detached within hours after laser therapy. We treated the tumor once again with a higher power and a drop in exudation resulted in reattachment of the retina. This result was stable over the following months. 
DISCUSSION
Various modalities for the treatment of RCH have been described and though the situation remains difficult, observation is usually the guide to initial management 4, 5 . Spontaneous regression has been observed 6 , but we believe this is extremely uncommon. We closely follow first, patients with VHL disease and treat new RCHs without delay. Peripheral RCHs are successfully treated with cryotherapy 7 , and brachytherapy 8 , but serious complications such as irradiation retinopathy and exudative retinal detachment also occur.
The role of transpupillary thermotherapy (TTT) in the treatment of RCHs, according to some authors, is uncertain and its efficacy questionable [5] [6] [7] [8] [9] [10] . Some are of the opinion that TTT insufficiently coagulates the capillary vessels of the tumor because of the high blood flow 10 . We agree with this caveat. TTT utilizes a diode laser of wavelength 810 nm to raise the temperature within treated tumor tissue, causing dilation of capillaries and exudative retinal detachment is a predictable effect of such treatment. We believe that full thickness coagulation of the tumor is necessary to avoid such complications and for this reason, we use higher power than is usual in TTT.
Stereotactic radiotherapy 11 and proton beam radiotherapy 5, 12 have been rarely used for treatment of RCHs. Radiotherapy provided limited benefit for most patients with some needing additional treatment 5 and complications of radiotherapy may appear many years after the irradiation 13 .
Today juxtapapillary RCHs can be treated using a variety of current methods and often with a combination of several treatment methods such as 25-gauge vitrectomy with photodynamic therapy (PDT) (ref. 14 ) or PDT with intravitreal administration of vascular endothelial growth factor (VEGF) receptor antibody 15 . These methods usually do not completely destroy the hemangioma but reduce their size and diminish exudation [14] [15] [16] . Exact prediction of the future behavior of hemangioma is problematic. Exudative retinal detachment is a rarely reported compli- cation of PDT and anti-VEGF therapy 17 . If we compare these methods to NIDL, we find that PDT and anti-VEGF therapy are less destructive and less aggressive.
CONCLUSION
NIDL has the ability to destroy RCHs in any location, mostly in one session. Additionally, this photocoagulation can be used for the treatment of RCHs in cases of detached retina. From our experience, it is best to coagulate the tumor in full thickness to avoid complications though further treatment/retreatment is sometimes necessary. The main disadvantage of NIDL therapy is scar formation in surrounding retina. Combination of NIDL with PDT and anti-VEGF therapy, especially in cases of centrally localized tumors, appears to be effective. In sum, NIDL is not a universal treatment for any RCH but it is a good method of choice. 
